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PABOYASA NMPOrPAMMA YYEBHOW ancumnJiinHbl
51.B.[1B.04.02 U3bpaHHble pa3aensl 3D-rpaduku

Kod u HaumeHosaHue ducyumniuHbI 8 COOM8emMcmauu ¢ y4ebHbIM riaHoM

1. Kog u HaumeHoOBaHMe HanpaBreHus noarotoBku/cneynanbHOCTU:

09.04.02 N"HdbopMaLUMOHHbIE CUCTEMbI U TEXHONOITMU

N

. I'Ipocbunb nogrotoBku/cneuymnanusaumna: MobunbHble NPUNOKEHNA U KOMNbIOTEPHbLIE UMPbI

. KBanudmkauma BbinyCKHUKa: MarucTp

3

4. dopma oby4yeHuUA: o4Has

5. Kachenpa, oTBevarLan 3a peanmsaumio gucumnnumubl: NuAT
6

. CoctaButenu nporpammsbl: BaxtuH A.A., K.d.-M.H., gou.

(®UNO, yyeHasi cmeneHb, y4eHoe 38aHUE)

N

. PekomeHnpgoBaHa: HMC ©KH npotokon Ne 7 ot 03.05.2023 T.
(HaumeHogaHue pekomeHAyrwel cmpykmypbi, dama, HOMep MPOMOKoa,

ommemKu o NpodrieHUU 8HOCSIMCS 8PYYHYIO)

8. YuebGHbIN roa: 2023/2024 CemecTp(bl): 2



9.lenu n 3apgayum y4e6HOM AUCLMNIIUHDI

10.

cchopmmnpoBaTb MOHMMAHNE OCHOBHBIX MPUHLMMNOB 06paboTku rpaduyeckon nHpopmaumm B
UrPOBbIX KOMMbIOTEPHBIX CUCTEMAX;

cchopmmpoBaTb npeacrtaBneHMe 06 OCHOBHbIX TEXHOMOrMsiX B 0651acTM KOMMbIOTEPHOM
rpadouku, cneunuyHbIX 41151 KOMMNbIOTEPHbIX UMP;

cthopmmpoBaTh BnageHve metogamm KoHcTpympoBaHus 3D-rpadmyecknx obbektoB ans
UrPOBbLIX NPUMNOXEHWUMN;

BblpaboTaTb HaBbIKM UCMOSb30BaHUSA rpadnyeckmnx GUBIMOTeK,;

chopmmpoBaTh 3HaHME OCHOBHbLIX anropnTMoB 06paboTkn rpaduyeckon NHpopmaumu;
Hay4YnTb  CTYAEHTOB nNpoeccMoHanbHO  MPOEKTUPOBaTb  WUrpoBble  MPOrpaMMHbIe
NPUITOXEHNA C rpadouKou;

BblpaboTaTb NpakTU4ecKne HaBblKM MPUMEHEHUS NONYYEHHbIX 3HAHUN.

MecTto y4ye6HOM AucumnnuHbl B cTpyktype OOIl: yyebHas gucuunnmMHa OTHOCUTCS K

yacTtn 6noka b1, dopmmpyemon yyactHMkamm obpasoBaTenb-HbIX OTHOLUEHWIA, AUCLMMNANHA NO
BbIGOpY.

11.

MnaHupyemble pe3ynbTaTtbl 00y4yeHUs nNo AucuunanHe/Moaynko (3HaHUA, YMeHus,

HaBbIKM), COOTHeCeHHble C nNnaHunpyemMmbiMn pesyribtataMm oCBOEHUA oGpasoBaTeanoﬁ

nporpaMmmbl (KOMNeTEeHLUMSMU) U UHAUKATOPaMU UX OCTUXKEHUNA:

Koa HasBaHne komneTeHuun Koa(bl) WHpmnkaTtop(bl) MnaHupyemble pesynbTathbl
00y4eHuns
MK-5 CnocobeH MK-5.1 YMeeT obecneynBaTb 3HaTb:
OpraHM3aunoHHO U COOTBETCTBME MeToapl pa3paboTku
TEXHOMNOMMYECKM NPOEKTMPOBAHNS U rpaduyecknx 3D NpUnoXeHuin B
obecneumnBaTb ansanHa IC nprHATbIM COOTBETCTBMM C NPUHATLIMU
NpOEeKTUPOBaHUE U cTaHgapTam 1 cTaHgapTamum U TEXHOSOTUAMMN.
ansanH NC TEXHONOrNsAM YMETb!
Ob6ecneuynBatb COOTBETCTBME
NPOEeKTUPOBaHNA 1 au3arHa
npunoxexHuni 3D-rpadukn
NPUHATBIM CTaHgapTam U
TEXHOMNOrMAM.
BNageTh:
MeTogamu pa3paboTku
rpacondeckux 3D npunoxeHun B
COOTBETCTBMM C NMPUHATLIMU
cTaHgapTamum U TEXHOJOTUAMM.
MK-5.2 YMeeT Ha3HavaTb U 3HaThb:
pacnpenensatb pecypcbl CoBpeMeHHble Noaxoapl B
NPOEKTUPOBAHNA U paspaboTtke npunoxexHun 3D-
ansanHa NIC rpadpvku.
YMETb:
PaspabatbiBaTts nporpammel 3D-
rpacdounkn ¢ apPeKTUBHLIM
NCMNonb30BaHWEM PECYPCOB U
ansanHa UC.
BNageTh:
HaBbikamu pa3paboTku
npunoxeHunn 3D-rpaduku.
MK-9 YMeeT ocyLLecTBnATb MK-9.1 3HaeT meToabl 3HaTb:
MozenMpoBaHune ncenegoBaHus OCHOBHble MaTemaTnyeckue
NMpOLIECCOB N OO BEKTOB, npegmeTHon obnacTu, MeToabl 1 anroputMbl 3D-
NMOCTaHOBKY U MaTemaTu4eckme Mogenu | rpadouku.
npoeefeHne OonucaHus NpeamMeTHOMN YMETb:
3KCNEePUMEHTOB MO obnacTtu, meToabl CamocToaTenbHO NPOBOANTL
3aaHHON METOAMKE U onTMMm3auun aHanm3 u nccnegoBaHne U
aHanu3 pes3ynbTaTos, npuKknagHbIx 3agad, Haxo4uTb peLleHne
OCYLLEeCTBNATL BbIGOP COBPEMEHHbIE METOANKU nocTaBNeHHON 3a4a4w.




onTUMalbHbIX pELIJeHVIVI.

TecTtupoBanus NC,
MEeTOAMKN OMNUCaHns n
mMopenMpoBaHusi Gu3Hec-
npoLeccoB, CpeacTBa
mMoaenvpoBaHusi Gu3Hec-
npoLeccoB

BnageTb:

OCHOBHbIMU anropuTMamu 1
MeTodamu 3D-rpadhuku.

12. O6bem gucumnnuHbIl B 3a4eTHbIX eanHuuax/yac — 5/180.

dopmMa NpoMeXyTOYHOW aTTecTalMm 3ayem ¢ OUeHKol

13. TpypoemkocTb No Buaam y4yebHou paboTbl

TpyooemMKocTb
Bupg yyebHoi paboTbl [o cemecTpam
Beero 2 cemecTp

AyanTopHble 3aHATUA 56 56
nekumm 16 16
B TOM 4mcne: npakTnyeckme 0 0
nabopartopHble 40 40

CamocTtosaTenbHas paborta 124 124
B TOM 4mcrie: KypcoBas pabota (NpoekT) 0 0
dopma NpomMeEXyTO4YHONM aTTecTaumm 0 0

(9k3ameH — yac.)
Utoro: 180 180

13.1. CopepxaHue QUCLMUNIINHDI

n/n Peanuzauunga
HanmeHoBaHue paspena
OUCLMNITNHBI C
pasgena CopepxaHve pasgena aMcunnimHbl NOMOLLbH0
ONCLMNIUHBI o
OHIamnH-kypca,
QYMK
1. lekuum
1.1 OcHoBebl MpencraBneHue rpacmyeckmx o6bEKTOB B NporpamMmme v Ha
KOMMbOTEPHOW aKpaHe kommnbtoTepa. MNukcens n Bektop. O630p TEXHOMOMNNA,
rpacpumku NPUMEHSIEMbIX NS pelleHns 3aay KOMMbTEPHOW rpaduKu.
1.2 MaTtematuyeckne Adu1HHBIE Mpeobpa3oBaHUsA B MPOCTPAHCTBE, NPOEKLUN,
MeToabl, annpoKcMMaLuns KpUBbIX U MOBEPXHOCTEN.
npuMeHsemMble B
KOMMbIOTEPHOW
rpadgpvke
1.3 AnropuTtMmbl YpaneHve HeBuaMMbIX rpaHen. OcBelleHne, MmogenupoBaHme
BU3yanusauum uBeTa. MeTtoa TpaccMpoBKU fy4ven.
TPEXMEPHbIX Ten
1.4 Peanusauwns AnnpokcumMaumsa NoBepxHOCTeN, 3afgaHHbIX (PYHKUMAMU.
meTtonoB 3D- MeTog waratowmx kybos. [lobaBneHne nnu yganeHue BepLUmnH
MoZenvpoBaHus W rpaHen MHOrorpaHHKOB, N3MEHEHNEe KOOPANHAT BEPLUMH.
CeueHune 3D-06BbEKTOB NOCKOCTbH. ANrOpUTMbI KOMMO3ULWIA
TpéxMepHbIX Ten (06beguHeHNe, NepeceyeHne, BblYMTaHME).
1.5 MpumeHeHne TpéxmepHas rpacuka B OpenGL. TpéxmepHble
ombnuoTtekn npeobpasoBaHus. LIBeT, ocBeLleHne, CBOCTBA MaTepuana,
OpenGL ansa TeKcTypa.
n3obpaxeHust 3D-
00BbEKTOB
2. JlabopaTopHble 3aHATUSA
2.1 | OcHoBbI | MpeacTtaBneHne rpacdmyecknx o6GbLEKTOB B NPOrpaMme 1 Ha




KOMMNbIOTEPHON 3KpaHe KomnbtoTepa. lNukcenb n Bektop. O630p TEXHOMOIMHN,

rpagouku npUMeHsiEMbIX ANA peLleHns 3aga4 KOMMNbOTEPHOW rpaduKku.
2.2 MaTtemaTtnyeckme AdurHHbIE Npeobpas3oBaHMs B MPOCTPaAHCTBE, NPOEKLUN,
MeTozabl, annpoKCMMaLMs KPUBbIX 1 MOBEPXHOCTEMN.
npuMmeHsaemMble B
KOMMbIOTEPHOM
rpacpmke
2.3 AnropuTMmbl YpnaneHue HeBuanMbIx rpaHen. OcBelleHne, mogenupoBaHme
BU3yanusauuu uBeta. MeToq TpaccMpoBKM nyyen.
TPEXMEPHbIX TN
2.4 Peanusauus AnnpokcumaLms NoBEpPXHOCTEN, 3aaHHbIX (PYHKLMAMM.
meTogos 3D- MeTog waratowux Kyoos. [lobaBneHve unu yganeHme BepLUnH
MOoOEenupoBaHus W rpaHert MHOTOrpaHHMKOB, NM3MEHEHME KOOPOUHAT BEPLUVH.

CeueHune 3D-06EKTOB MIOCKOCTbIO. ANTOPUTMbI KOMMO3ULMIA
TPEéXMepHBbIX Ten (0GbeanHeHne, NnepecevyeHune, BblYUTaHme).

2.5 MpumeHeHne TpéxmepHas rpaduka B OpenGL. TpéxmepHbie
ombnuoTtekn npeobpasoBaHus. LiBeT, ocBeLleHne, CBOMCTBa Matepuana,
OpenGL ans TeKkcTypa.
nzobpaxeHust 3D-
06bekToB

13.2. Tembl (pasaenbl) QUCUUNIMHBI U BUAbI 3aHATUN

Buabl 3aHATWIA (KONTMYECTBO YacoB)
Ne HavmeHoBaHue Tembl
CamocTosTenbHas
n/n (pasgena) gucumnnuHel | Nlekuun MpakTuyeckme | JlabopaTopHblie pa6oTa Bcero
1 OCHOBbI KOMMNBIOTEPHON 5 0 0 22 24
rpadouku
MaTemaTtunyeckune
2. | MeTofbl, MPUMEHAEMbIE B 2 0 10 24 36
KOMMNbIOTEPHOW rpadmke
AnropuTtmbl
3. | Bu3yanusauum 4 0 10 26 40
TPEXMEPHbIX Ten
4 Peanusauns metogos 3D- 4 0 10 26 40
MOAENMPOBaHNs
MpumeHeHne 6nbnmoTekm
5. | OpenGL ana 4 0 10 26 40
nsobpaxeHust 3D-
06bEKTOB
Wtoro: 16 0 40 124 180

14. MeTogn4eckue ykasaHusi onsa oby4aroLmxcsi N0 OCBOEHUIO AUCLUNITUHDbI
CTyoeHTaM pekoMeHAyeTCs CaMOCTOSITENbHO M3y4yaTb PEKOMEHOOBaHHYK nuTepaTtypy C
Lienblo aHanunsa v novcka peLleHnii NocTaBneHHbIX NabopaTopHbIX 3a4ay.

15. lMepeyeHb OCHOBHOW W [OOMOJSIHUTENILHOW NUTEpPaTypbl, PECYpPCOB WHTEpPHET,
HeobXoAUMbIX ANl OCBOEHUSI AUCLMUMIIUHbI

a) OCHOBHas nuTeparypa:

Ne n/n N CcTOYHMK

1 Bopeckoe A.B. lNpoepammuposaHue KomrbromepHouU epaguku / A.B. bopeckos. — M.: [JMK lMpecc, 2019. —
) 372c.

5 EsueHko, A. . OpenGL u DirectX. lpoepammuposaHue epacpuku / A.UN. EeueHko .— CI16 : lNumep, 2006
) —349c.

0) fononHUTenbHasa nuTeparypa:

Ne n/n NCTOYHKK

1 Trokauée H.A. C#. lNpoepammuposaHue 2D u 3D eekmopHoU epagpuku: yuebHoe nocobue / H.A. Tiokay4és,
) B.I". Xnebocmpoes. — 4-e u3d., cmep. — Cl16.: JlaHb, 2020. — 320 c.

WukuH, E. B. KomnbromepHas epachuka. lNonuzoHanbHbeie modesnu : [ydebHoe nocobue] / E. B. LLlukuH, A.
B. bopeckos .— M. : AVNATIO-MU®U, 2005 .— 461 c.

2.




XKapkoe B. A. KomnbromepHasi epaghuka, mynbmumedua u uepbi Ha Visual C# 2005/ B.A. XKapkos. — M. :
XKapkoe lNpecc, 2005 .— 811 c.

B) UH(pOpMaLIMOHHbIE SNEKTPOHHO-06pa3oBaTenbHble pecypchl (oduLnansHble pecypcbl UHTEPHET):
Ne n/n Pecypc

1. https://lib.vsu.ru/?p=4&t=8

> Bopeckoes A.B. NpoepammuposaHue komnbromepHoul epachuku / A.B. bopeckos. — M.: [JMK lpecc, 2019. —
) 372 c. (https://e.lanbook.com/book/131728)
Trokauée H.A. C#. lNpoepammuposaHue 2D u 3D eekmopHoU epagpuku: yuebHoe nocobue / H.A. Tokayés,
B.I". Xnebocmpoes. — 4-e u3d., cmep. — C[l16.: JlaHb, 2020. — 320 c. (https://e.lanbook.com/book/126152)

3.

16. NMepe4veHb y4e6HO-MeTOAMYECKOro o6ecneyeHuUs Ans caMoCTOATeNIbHOW paboThl

Ne n/n MCTOYHMK

1 Bopeckoes A.B. NpoepammuposaHue komnbromepHoul epachuku / A.B. bopeckos. — M.: JMK lpecc, 2019. —
372c.

5 EsueHko, A. U1. OpenGL u DirectX. poepammuposaHue epagpuxu / A.U. EgaueHko .— CI16 : Numep, 2006
—349c.

17. OO6pasoBaTtenibHble TEXHONOrMKU, UCNONb3yeMble MpU peanusauum y4ebHOM
OUCUMNNUHBbI, BKIMOYaA [OUCTaHUMOHHbIe obpa3oBaTesnibHble TexHonorum (OOT),
aneKkTpoHHoe oby4yeHue (J0), cmewaHHoOe O0Gy4eHue):

Ha nabopaTopHbIX M NPaKTUYECKMX 3aHSATUSIX AOMycKaeTcs MCMoNb3oBaTb CTyAeHTaMu noGoi
A13blK NPOrpamMMUpOBaHMs 1 Nobyo cpeay NporpaMMUMpPOBaHKS.

18. MaTepMaano-TeXHquCKoe obecneyeHne AUCLUNIUHLI:

MynbTumeguMnHaa  NeKUMoOHHass  ayauTopusi,  KOMMbKOTEPHbIM  Kracc,  NporpaMmHoe
obecneyveHune: cpega nporpammmupoBanus Visual Studio.

19. OueHo4HbIe cpeacTBa ANs NPoOBeAeHUA TEKYLEen U1 NPOMEXYTOYHOM aTTecTauum

MopaOoK OLEHKN 0CBOeHMSA oBydatowmnmmcsa y4ebHoro matepuana onpeaenseTcs
coaepaHMeM crieayoLmx pa3aenos AUCLUUNIUHBIL:

HanmeHoBaHue WHgukaTop(bl
rll\;gn pasgena QUCUUnivHbI K?_l“:l';?;)e"' uéctl:mmeﬁlsm) OueHouYHbIE cpeacTBa
(mogyns) KoMneTeHumn
1 OcHoBbI KOMMbIOTEPHOM MK-5 MK-5.1, MK-5.2 3ananms NaBoDATODHBIX baBoT
" | rpacukm MK-9 MK-9.1 A paTop P
MaTemaTtunyeckue
> MeToAbl, NpUMEHseMble MK-5 MK-5.1, MK-5.2 3anaHus nabopaTopHbIX paBoT
" | B KOMMbIOTEPHOM MK-9 MK-9.1
rpadouke
Anroputmbl
3. | Busyanusauum HES nK'?_'I:(’_SI;IT'S'Z 3apaHua nabopaTopHbIx paboT
TPEXMEPHbIX Ten )
4 Peannsauus metonos MK-5 MK-5.1, NMK-5.2 3 6 6
- | 3D-MopenMpoBaHus K-9 NK.9.1 afaHnst nabopaTopHbIX paboT
MpumeHeHne
5 oumbnuoTtekn OpenGL MK-5 MK-5.1, MK-5.2 3 6 6
ansa n3obpaxenus 3D- MK-9 MK-9.1 aAannA NabopatopHbIx paboT
00BbEKTOB
MpomexyTodHas aTTecTauus . Mo pesynbTatam nabopaTtopHbIX paboT
dopmMa KOHTPONS — 3a4eT C OLIEHKOM




20 TuwnoBble OLEHO4YHbIe cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaensroLwue
npoueaypbl OLueHUBaHUsA

20.1 TeKywWwMn KOHTPOINb yCNeBaeMoCTHn

KoHTponb ycneBaemMocTV NO AUCUMMNIIMHE OCYLLECTBISIETCS C MOMOLLUbI KOHTPOMS U OLEeHKM
criegytowmx nabopaTopHbIX 3a4aHUN:

20.1.1 NepeyeHb nabopaTopHbIX 3aAaHUN

Na6opaTtopHasa paboTa Ne 1.

1. HanucaTb nporpammy Ansi MOCTPOEHWUS] MHOFOYroflbHUKOB CO CKpyrfeHusimn paguyca R.
Mporpamma fosmkHa No3BoNsATb co3gaBaTb Noboe KoNMYecTBo uryp 1M ynpaensaTe UMW NPU NOMOLLM
MbILLM (B T.4. MPK CO30aHUN YKa3biBaTb TOYKM, MOCHE CO3aaHMs - epeMeLLaTb TOYKN)

2. Hanucatb npouenypy nepeceyeHuss OBYX MPOM3BOSIbHLIX TPEYronbHUKOB, 3afaHHbIX Ha
nnockoctu. lMporpamma [ormkHa NO3BONATL 3adaBaTb NapameTpbl ABYX TPEYrofibHWKOB. Bbino Gbl
3ameyatesnibHo, ecnun Gbl TPEYroNbHUKN MOXHO ObIfO U3MEHSITb C MOMOLLbI Mbin. OCHOBHOW MeToz
[AOMKEH MPUHMMATbL OBa TPEYrofibHWKa B KayecTBe apryMeHTa M BO3BpallaTbh YNopsifoYeHHbI Habop
TOYEK A1 NOCTPOEHNS KOHTYpa NepeceyeHms.

3. HanucaTb nporpammy nocTpoeHus rpadgpmka dyHKUUM, 3aaaHHoM Ha nnockoctu. MNpegycMoTpeTb
KOPPEeKTHoe 0ToOpaXeHWe pa3pbIBOB.

4. Hanucatb nporpammy AMHAMUYECKOrOo W3MEHEeHUs rpadmka yHKUMM Ha MSOCKOCTMW.
(AnHamMmuyeckoe n3aMeHeHMe 3adaeTcs ewweé ogHon pyHkumnen ot (t)).

5. Hanucatb npouenypy NOCTENEHHOro npeBpaLleHns 0gHON KPUBOW, 3a4aHHOM HabopoMm ToYek, B
OPYryl0 KpMBYH, 3aJaHHyt0 ApyrMM Habopom Toyek. [onb3oBaTtenb 3a4aéT OBE KpuBbIE C MOMOLLbHO
MbILLX Yepe3 OMopHble TOYKM M BPEMS, 3a KOTOPOe ofHa KpuBasi OOIDKHA NpeBpaTUTbCS B APYryio.
Mocne HaxaTusa KHOMKW 3anycka MPOUCXOAUT COOTBETCTBYKOLWAA aHumauus (nporpamMma [OSmKHa
KaXObl Kagp BbMMCNATH "TEKyLly" JIMHUIO Ha OCHOBE [ABYX IPaHMYHbIX M TEKYLLEro BpPEMEHN).
AnNroput™M puUCOBaHUSA KPUBOW peanusoBaTb CaMOCToATenbHO. Hanpumep, kpusyio besbe unn gp.
crnavHsbl.

6. Cosgatb NpunoxeHue, AeMOHCTpupyowee BbiNoNHeHNe addUHHBIX npeobpas3oBaHMii Ha
NNOCKOCTWU, Ha npumepe durypbl -- pom6 u (*) Ha npumepe annunca (B kayectBe YCNOXHEHHOrO
BapmaHTta). lNpegnonaraetca paspaboTka rMOKON apXUTEKTYpbl, rae Kaxgoe npeobpasoBaHune Oyger
HacrnegoBaTbCs OT Kakoro-To 6as3oBoro MHTepdenca ¢ 06bABNEHHON YHKLMEN TpaHCOopMaLMn TOYKHU.
Hanee noTtpebyetca cpenaTb MHCTPYMEHT, KOTOpbI Obl MpO3padHO Afsi OCHOBHOM NPOrpamMmel,
pucyroLen curypy, NnpMMeHsan aTm npeobpas3oBaHUsA K TOYKaM nepen vx hakTMyeckum BbIBOLOM Ha
akpaH. [Ona atoro notpebyetca cospatb uHTepdenc |Affine, B koTopom OyaeT ob6baABNeH meTon
npeobpasoBaHua Touku. Nocne atoro notpebyetrca peanv3oBaTb HECKOMbKO KMAcCOB ANSA KaKOoro
npeobpasoBaHna. [Janee MOXHO cAenaTb Knacc, KOTOopbi OygeT Takke HacnegoBaTbca oT IAffine n
XpaHnte B cebe gpyrve npeobpasoBaHusa (NatTepH KOMMOHOBLUMK). Pom6 ctouT yHacneposatb OT
kakon-to IFigure. Janee roe-to HanucaTtb Knacc/mMeToA, KOTopbi 6bl yMen pucoBaTb CMCOK ouUryp ¢
NPUMEHEHNEM yKa3aHHOro AdipuHHOro npeobpasoBaHus. Takmm 00pas3oM, MOXHO MONy4YUTb
npunoXeHme, KOTOPOMY BCE paBHO, Kakne urypbl pUCcytoTCa U ¢ MPUMEHEHMEM Kaknx npeobpasoBaHuii
(B T.4. He BygeT BaxeH nopsgok). B nonb3oBatenbCkoM mHTepderice AoMKHA BbiTb BO3MOXHOCTL MO
HaCcTpovike nopsiAka v NnapameTpoB NPUMEHAEMbIX Npeobpa3oBaHUi.

7. HapucoBatb 06bluHYyt0 cTpernky. [MpegycMoTpeTb BO3MOXHOCTb YrpaBfeHus napameTpamu
CTPEnKM (MCXOAHAsA U KOHEeYHas TOYKW, ANMHA U LUMPUHA CaMOWN CTPESKN) C MOMOLLBIO MbILLIN.

8. MpsimoyronbHas cnupanb. MNpegycMoTpeTb BO3MOXHOCTb U3MEHEHWUsi NapameTpoB crnvpanu ¢
NMOMOLLIbIO MbILLN.

9. CBeuHble guarpammbl. Paspabotate npunoxeHuve nns BbiBo4a Habopa AaHHbIX C MOMOLLbHO
anarpammsbl. (*) Y4yecTb M3MEHEeHWe BHELIHEro Buaa npu MameHeHun macwTaba. T.e. aganTupoBaTtb
rpacdoumk Noa Tekywmn macwtab n obnactb npocmoTpa.

10. [lepeceveHve wunn oObeAVMHEHVWE NPAMOYronbHUKOB. Pagpabotatb npunoxeHws Ans
BblYUCNEHNS  pUrypbl, SBMSIOWENCS pe3ynbTaTtoM nepecedyeHns/(*)obbeanHeHns  HECKOSbKUX
NPSIMOYrofibHUKOB, CTOPOHbI KOTOPbLIX NapannensbHbl OocsiM KoopauHaT. [ormkHa 6biTb BO3MOXHOCTb
peaakTupoBaTh NPSAMOYrONbHUKU C MOMOLLBIO Mbilwn. MeToa, peluarowuin 3agady AOMKeH NpuHMMaTh B
KayeCTBe aprymeHTa CrmcoK 3K3eMmnsipoB krnacca [psiMoyronbHuK 1 Bo3spallaTtb CrUCOK U3 3aMKHYTbIX



NMHUIA (Kaxkgas NUHKUS -- Habop Touek). B crniydae nepeceyeHusi, KOHEYHO Xe, pesyrbTaToM ByaeT oauH
NpsSIMOYronbHUK. B cnydyae o6beguHeEHUs -- MOTyT NONYYUTLCS HECKOMNBbKO 3aMKHYTbIX JIMHUNA.

Na6opaTtopHasa paboTa Ne 2.

1. HanncaTtb npoueaypy nepecevyeHmns AByxX NPOnN3BOSIbHbIX TPEYrOfIbHUKOB, 3a4aHHbIX B
TPEXMEPHOM MPOCTPAHCTBE.

Monb3oBaTernb 3a0aéT KoopanHaThbl BEPLUMH TPEYrofibHUKOB B TPEXMEPHOM MPOCTPaHCTBE C
nomoLLbio nonen eeoga. [ns pewenuns aTon 3agayun Heobxoanmo paspaboTatb knacc Triangle, oga
3K3emMnisipa KOTOpOro nepegasaTth B (OyHKLMIO, peLuatoLLyto NOCTaBEHHYHO 3ada4y 1 BO3BpaLLatoLLyto
CMUCOK TPEXMEPHbBIX TOYEK, ABMSOLLMXCA BEPLUMHAMN KOHTYpa nepeceveHuns. Ecnu TpeyronbHuKu
HaxoasTCH B OAHOW MMIOCKOCTU, TO 3afaya CBOAMTCS K ABYMEPHON.

2. Hanucatb nporpammMy NoCTPOeHUs1 TEHW OT NNaToHOBa Temna, OCBELLEHHOrO TOYEYHbIM
NCTOYHMKOM.

Monb3oBaTenb BbIGBUpaeT, Kakoe UMEHHO MaToOHOBO TENO NCMNOMNb30BaTb, MECTOMNOMNOXEHME
TOYEYHOro NCTOYHMKA cBeTa (NPOCTO TOYKa B NPOCTPAHCTBE) U NNOCKOCTb, HA KOTOPOW BbIBOOUTL TEHb
(napametpsbl A, B, C n D 13 kaHoHU4eckoro ypaBHeHus). [naTtoHoBbI Tena AOmMKHbI ObiTb peanv3oBaHbl
B BuAe OTAENbHbIX KNaccoB, yHacneaoBaHHbIX oT nHtepderica IModel. BoamoxHo, 6bi1no 661 ygobHo
NCNonNb3oBaTb OOUH N3 NOPOXAAILLMX NATTEPHOB NPOEKTUPOBAHNS ANS CO34aHUsA BbIBpaHHOro
nsaToOHOBOrO Tena.

3. MocTpounTb Ha akpaHe n306pakeHns NNaToHOBLIX TEN: TeTpasapa, Kyba, okTasgpa, nkocasapa,
pogekasgpa.

PeanusoBaTb B BUAE HECKOMbKUX KIaccoB, yHacnenoBaHHbIX oT IModel. BepLunHbl JOMmKHbI
reHepMpoBaTbCs aBTOMaTUYECKN Ha OCHOBE 3aaHHOro pasmepa tena (paguyca onvcaHHou cdepsl),
nonoxexus un (*)opueHtaummn B npoctpaHcTee. (*)XoTenock 6bl yBUAETb anroputm reHepaunm HE
NCMoMnb3YOLWNA Ky4y HEMOHATHBLIX KO3 PULMEHTOB.

4. Hanucatb nporpamMmmy, BpaLLlatoLLyto TPEXMeEPHOE Teno (Ha NpMMepe nkocasgpa) BOKpyr
3agaHHon ocu. NpegycmMoTpeTb BO3MOXHOCTb BbIGOpa OCK BpalleHns (ToYka, NpuHagnexawas ocu u
BEKTOP-HanpaBIieHNE) 1 YrrioBOW CKOPOCTH.

KoHeYHO e, OCHOBHOW anropuTM BpalLeHus gosmkeH onepuposatb IModel'smu. B otnuymm ot
3agaym 3 BpallaTbCa JOSMKHA caMa MoAesb (OCU KOOpAMHAT OCTaTCS Ha 9KpaHe HEMOLBMXKHLIMN).

5. Hanucatb nporpammy ocselleHnsa 3D-noBepxXHOCTU ABYMS UCTOYHUKaMK CBeTa.

Monb3oBaTenb 3a4aéT KOOpAMHATbI TOYEK NONOXEHMS ICTOYHMKOB CBETA, a Takke Ux useTta C
NOMOLLbIO COOTBETCTBYIOLLErO nonb3oBaTtenbckoro nHtepdgerica. Oceewatb ctout IModel. B kadecTtse
NprYMepoB NOBEPXHOCTEN NpeanaraeTcs Ucnonb3oBaTth Ky6, uunuHap n cepy. B pamkax agaHHOM
3agaym notpebyeTcs yumTbiBaTb HEKOTOPbIE NAapaMeTpbl MaTepuana, U3 KOToOporo caenaHa
noBepxHOCTb. B npoctom crniyyae - useT matepuana. B 6onee cnoXxHOM - oTpakeHue 1 nornaweHune
cseTa.

6. Hanucatb nporpammy NOCTPOEHUS LUIMHAPUYECKMX N KOHYCHBIX NOBEPXHOCTEN.

Monb3oBaTenb AOMKEH MMETb BO3MOXHOCTb 3ajaBaTh OCHOBHbIE NapaMeTpbl Taknx 00 BHEKTOB:
nonoXxeHue B NpOCTpaHCTBe, cABUr (MIOCKOCTb OCHOBaHUIN He BCerfa neprneHaukynsapHa ocu), BHELWHNe
paguycbl OCHOBaHWUI (B CryyYae HyneBOro 3HadeHns 04HOro 13 pagunycoB nomyyaeTcs KOHYC) 1
BHYTPEHHME.

7. Hanucatb nporpammy nsobpakeHust TpeXMepHbIX TeN € ABYXTOYEYHbLIM MPOELMPOBaHNEM.

Monb3oBaTenb AOMKEH yKasbiBaTb KOOPAMHATHI TOMEK cxoaa. B kavyecTBe mogenu ctout
ncnonb3oBaTtb IModel, a pakTnyeckn npogeMoHCTpPUpPOBaTb Ha Nnpumepe Kyba, cdepbl n M.6. kakunx-
nnbo apyrux curyp.

MpoeunpoBaHne He AOMKHO NPUBA3bLIBATLCA K Kamepe. T.e. Mbl U3MeHSIEM OOBEKT, a MOTOM MOXEM
NMOCMOTPETb Ha HEro C Pa3HbIX CTOPOH.

8. Hanucatb nporpammMy NoCcTpoeHus nepeceyeHns rnnaToHOBbIX TN MPOU3BOSIbHON NNOCKOCTLIO.

Monb3oBaTenb BbIGUpaeT NNaTOHOBO TENO, yKa3biBaeT NapaMeTpbl NAOCKOCTU (KO3 PUUNEHTHI A,
B, C, D 13 kaHOHMYeCcKoro ypaBHeHUsA nNnockoctn). B meTtoa, pelwwatowmii 3agady, nepegaércsa IModel
ak3eMnnap knacca Plane(nnockocTb), a B pe3ynbTaTte BO3BpaLLaeTCad MacCuB U3 NONYyYMBLUNXCSA YacTen
- oTAenbHbIX 06beKTOB. Kaxabin 13 KOTOPbIX MOXHO BbIBECTM HE3ABMCMMO ApYr OT Apyra. Kpome Toro,
6b1n0 66l 3aMeyaTenbHO yBUAETbL caM Ccpe3 (MAOCKUA MHOTOYTOMNbHUK).

(*) MoxHO pa3BuTb JaHHYIO 3agavy 40 nepeceyeHns NidbIX TPEXMEPHbIX TeN MIOCKOCTbIO.



9. Hanucatb nporpammy noctpoeHus neHTol Mébuyca.

Monb3oBaTenb OOMKEH 3a4aBaTb OCHOBHbIE €€ napamMeTpbl, a nocrne NoCcTpoeHnAa UMeTb
BO3MOXHOCTb PpaCCMOTPETb CO BCEX CTOPOH.

(*) Bbino 6bl MHTEPECHO YyBNOETb aHMMALMIO ABMXXEHNSA BAOMNb MIIOCKOCTX OT NepBOro nuua.
10. HanncaTtb nporpammy noctpoeHus 6yToinkmn KnerHa.

Monb3oBaTenb OOMKEH 3aA4aBaTb OCHOBHbIE NapaMeTpbl, a Nocre NOCTPOeHNsi UMeTb BO3MOXHOCTb
paccMOTpeTb CO BCex CTOPOH. Kpome Toro, 6bino Gbl NoNe3Ho MMEeTb BO3MOXHOCTb YKa3blBaTb
MPO3PayYHOCTb CTEHOK.

11. "BokcenuaoBaTb" TPEXMEPHbIA 00BEKT U/Mnn NOBEPXHOCTL. Nonb3oBaTens AOMKEH 3a4aBaTh
pa3mep KyOuKkoB.

Ha Bxoge umeetcsa IModel, a Ha Bbixoge - 06beKT, KOTOPbI COCTOUT Kak Bbl N3 KybukoB. Beino bl
3amMevdaTtenbHO nMmeTb 2 peanusaumu. lNepeas Bo3BpaLlaeT CrMCOK KyOMKOB (B T.4. U BHYTPEHHME), a
BTOpas - e4MHbIN 605bLIO OGBHEKT, Y KOTOPOro NOBEPXHOCTb MMEET COOTBETCTBYHOLLYHO DOPMY.

12. HanncaTtb nporpammy ans 6GuHapHbIX onepauumi Hag TPEXMEPHbIMU TeNaMu.

B noeane, Ha Bxog nogytotcsa ase IModel, a B pesynbTaTe nonyyaeTcs pesynbTypyoLaa Moaens,
angaowasca obbegmHeHnem, nepeceyeHnem Nnm xe BblYMTaHNEM OOHOW U3 OPYrON.

Na6opaTtopHasa paboTa Ne 3

1. HanucaTb nporpammy NOCTPOEHUS LUMNMHAPa BAOMb 3aA4aHHOW 3aMKHYTOW NuHUK. MNprmepamun
Takmx 0O bEKTOB MOTyT BbICTYNaTb TOP (LUITMHAP BOOSb OKPYXXHOCTW) 1 TpunuctHuk(ysen).

(*) IHTepecHbIM JONONHEHMEM MOXET CY>XUTb NOCTPOEHME 3a4aHHOro Npoduns BooNb
HEe3aMKHYTOW NNHUKN (MOXXHO HE OrpaHNYMBaTLCSA NPSAMbIMU OTPEe3KaMu).

2. Hanucatb nporpammy NOCTPOEHUSI MHOTOYrosibHVKa BAOSb 3a4aHHOW NIMHUK (B T.4. 3aMKHYTOW) C
NMOBOPOTOM BOKPYI 3TOW NUHUW Ha 3agaHHbIn yros. [NonyyaeTtcs 3akpyvyeHHas npuama, (*)He
o6sa3aTenbHO NOCTPOEHHast BOOSb MPSIMON.

B npocTtom cny4ae nonb3oBaTternb BbIOMpaeT NMHUI0 U3 Kakoro-nMbo Habopa yHKUMI (Ana Havana
CTOUT cAenaTb NPOCTO OTPE30K), a Takke 3a4aéT napamMeTpbl MHOrOyronbHuMKa (KOnmMy4ecTBO YrioB u
pa3mep, 3agaBaemMblil Yepes paguyc ONUCaHHOM OKPYXXHOCTHN).

3. Hanncatb nporpammy noctpoeHusi cdepsbl C nyvymkamm/urnamm.

XenatenbHo caenatb B MakcMMarnbHO obuiem Buae, 4Tobbl MOXHO ObINO 3agaBaTh KONMYECTBO,
pasmep 1 opMy NyYMKOB (HE TOMBKO KOHYCbI, HO Y LUMMHAPbLI U NPU3MbI).

4. Hanucatb nporpaMmmMmy noctpoeHuns mogenun 6onra v wypyna.

Monb3oBaTtenb JOMKEH 3aA4aBaTh OCHOBHbIE pa3Mephbl, B T.4. XapakTepUCTUKN pe3b0Obl.

5. Hanucatb nporpammy NOCTPOEHUSA TPEXMEPHOM PELLETKN (M3 TPYOOK/LIMNUHAPOB).

Monb3oBaTenb 3a0aéT BCce NapamMeTpbl PELLETKU: Larn rno KaXxkgon u3 ocen, otobpakaemyto
obnactb, paamep Tpybok. B npocTtenem crnyyae Tpybkm MOXHO NpeacTaBuTb B BUAE OObIYHbIX MNHWNA.

6. Hanncatb nporpammy noctpoeHus 3ybyaToro koneca co cnvuamu.

Monb3oBaTenb 3a0aéT napamMeTpbl 3yd4aToro Koneca: TonwmHa, Konmyectso 3ybbeB, Bce
Heobxoaumble paguychl (x ByaeT Tpu).

7. Hanucatb nporpammy, NO3BOMSIOLLYHO CKPYrIMTb ABe U (*)Tpy nepecekaroLwmecs ninockne rpaHu.

8. Hanucatb nporpammy noctpoeHus cnvpanu (NpyxuHbl). MNonb3oBaTenb OMKEH UMETb
BO3MOXHOCTb 3ajaBaTb OCHOBHbIE NapamMeTphbl (NOSIOXXEHNEe B NPOCTPAHCTBE M pa3Mep NPYXMHBbI, Lwar un
HanpasHMe BUTKOB, AuaMeTp NPOBOMOKK, N3 KOTOPOW caenaHa npyxuHa).

(*) YcnoxHéHHas Bepcus BkntovaeT B cebsi BO3MOXHOCTb caenatb NPYXWHY C U3MEHSEMbIM LLarom
BUTKOB (MOXXHO peann3oBaTtbh, NO3BOSIMB MOSb30BaTENIO YKa3biBaTh PYHKLUMIO, NO KOTOpon ByaeT
MEHATBCS LWar UIn Xe MHTEPNONMPYs NO KIHYEBbIM TOYKaM)

(*) Eé oamH BapnaHT YCNOXHEHHOW BEPCUM - BO3MOXHOCTb 3agaBaTb U3MeHseMbln paauyc (onaTb
e C MOMOLLbIO yKa3aHnsa yHKUUN).

9. MNoeepxHocTn BTOpOro nopsaka. Cosgate MHCTPYMEHT A5 PUCOBAHMSA NOBEPXHOCTEN BTOPOro
nopsigka. MNMpoekT formkeH No3BoONATh BbIOUpaTh B TpEXMEPHOM NPOCTPaHCTBE nNapannenenunes
npocmoTpa, nepemeLlaTtb 1 NOBOpaYnBaTh €ro, M3aMeHATb Macwtab. NoBepxHOCTb BTOPOro nopsaka
MOXeT ObITb BbibpaHa 13 NOSIHOrO CNMCKa TakMX MOBEPXHOCTEN C BO3MOXXHOCTb MOBOPOTA, CMELLEHNS U
pacTarnBaHns no nobon ocu, NN NOBEPXHOCTb MOXET ObITb 3aaHa ypaBHEHNEM BTOPOro nopsiaxa.



10. JIuHnm ypoBHs. Co3gaTb MHCTPYMEHT A1 PUCOBAHMUS NTIMHUIA YPOBHS. OTOT NPOEKT JOSMKEH
NO3BONSTb BBOAUTb (PYHKLIMIO ABYX NepPeEMEHHbIX NMMbo B aHanuTu4eckom euae, nnbo B TabrnmyHom -
3Ha4YEeHUsIMU B Y3r0BbIX TOYKax. Ecrnn dyHKUMS BBOAWUTCS B aHaNMTUYECKOM BUAE, TO BaM NoHagobuTcs
WHTepnpeTaTop, Ha XyA40WN KOHeL, MOXHO MEHATb MCXOAHbIN TEKCT U nepeTpaHcnnpoBaTth ero. B cnyyae
TabrnM4HOro 3agaHns PYHKUUM NPpUAETCA NPUMEHSITb NOAXOASLLYIO ABYMEPHYIO MHTEPMONSLMIO.
[lormkHa 6bITb NpeaycMOTPeHa BO3MOXHOCTb U3MEHSITb NMPSIMOYTONbHUK NPOEKTUPOBaHNUS U YNCIO
NUHWIA YPOBHS. PekomMeHayeTcst KpOMe NMHWIA NPUMEHUTb NOAKPACKY: OnpeaenéHHOMY NPOMEXYTKY
N3MEHEHNs1 3HaYeHNI PYHKLMM NOCTaBUTbL B COOTBETCTBUE HEKOTOPLIN LIBET U 3TUM LIBETOM 3aKpacuTb
obnacTtb Mexay NMMHUAMW YPOBHS, Tak, Kak 3TO AenatoT Ha Tornorpaduyecknx kaptax (Yem HUXKe - Tem
3erieHee, YeM Bbile - TEM KOPUYHEBEE).

OnuncaHue TexHONOrMM NpoBeaeHns
OueHKa 3HaHUIN, YMEHUN N HABbIKOB, XapakTepusylowlas aTanbl POpMUPOBAHUS KOMMETEHLMIA B
pamMKax Usy4yeHust ANCUMNITMHBLI OCYLLIECTBNAETCA B XO4€e TEKYLLEN U NPOMEXYTOUHOW aTTecTauun.
Tekywaa atrectaunsa npoBOAMTCS B COOTBETCTBUM C [lonoxeHnem O Tekywlewn aTrectaumm
obyvalowmxcs nNO  nporpaMMaMm  Bbicwero obpasoBaHusi  BopoHexckoro - rocygapCTBEHHOro
yHuBepcuTeTa. Tekylasa atrectaumsi NpoBOAMTCA HA OCHOBE OLEHKM BbINOMIHEHWUSI NPAKTUYECKMUX 3afau.

20.2 NMpomexyToyHaa aTrectaums

lMpomexyToyHaa aTTecTtaumss Mo OUCUMUMMMHE OCYLLEeCTBNAETCA MO utoram pesynbTaTos
nabopaTopHbIX paboT.

lMpomexyToyHas aTTecTaumsi NPoBOAUTCH B COOTBETCTBMM C [loNoXeHnem O NpOMEXYTOYHOW
aTTecTauum oby4varoLmxca no nporpaMmam Bbicllero obpasoBaHus. Mpu oueHUBaHUKM MCNONb3YHOTCH
KayeCTBEHHbIE LUKanbl OLEHOK.



